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UefsrejiG© (b) ,.,,,...,...., ..Si
B. Oalcalstiong. , 55

^*iM» liiv««il^-feioa It c-cfiiO€f?aed %dth the proM©n of
i®3P t^tamta la teG»i©fi pgua«is, I^eailss pasels lifcaiiid© SM?,nawioh
typ& M^ierisi <m «t:iioh tb© doubi^rs ^a^y ^© riveted or l>o^.ef;,
?h© fiimiyeis ^es Ili3il.««l %q a pXass© @feu«t ©f li'jfisilte
vldtl^, AXI tests ^mr& perfojm^ oa .=?€s%s.Xifce ^Ith .0S2 la,
faces siisd ,5 in. WAsr. co^ea,
Ff^m pr^iriousl^ d©t#rK;ln®d f^m^p-s, a chart we.s
n eufe>a% ©9 a fUnctloai of th© rstloa of doa^ler r^€tug to cut-
out f^iiit Rud of sJieet thlefeiess to domMer tlite^es®. '^hst
remits of tbife t»«ts <SR a^rwlssfisit© t^t^lit^ trifled this
n^mtt ©3^ 5i2.«e dlMabssti^at«d th^t ^mll^ is superior to rlvc-t-.
ing a« ft s®«a« of aits4Sl5sseat of douMer^ to r^leifdite.

m2m
is^^lmx mA Mm mm catlomts for ®a^«sos7 I^J.*#, Aoars, -sdla*
At U^e r>|^SQ«t t.lS!« tMs is OSS?®
^St3^. m^a^U mm lSait«a ^ ^i^e c^s&Mli?^ of mifet®

^ s .
'Vh^ test© ^?T.re cssdje oa l^0ialii&« pstjele fsbrleatc^l tscr
hsd ,0S2 ia, f&e*s of tfSfiT^fJ Alel^xfi and n .C5 ia, eore of
^iedux, Istemsl doabX^PS of 052 in. ©lid ,064 itu nM g^a ©»-
lomai riveti^ dau'bier of ,v^ in, vere a^d. Outputs varied
i» unif^fis condition of t^msl^n ws-^ atfei^plwid Mft not -'•ci-ile'red
for tlm t««ls.
•lli© r^thsp viai^fe %& i^xpr&m Me $pprsNJlatlc»i to
iT<«ts8«or Jos«^-^ 4, u*i§e for his imlutl^ls mdHc* i?ii*il s«tiifcp.s©i
on ©Xl ^Ib?,«»s @f lis® lis»ieali|^t$?mt s^ toilr. 1« f» ^m^Dm^-m^
m^ ^^m ''^* C, Bip^Ata^ of Chtmm Vom^^xl Alroraft tJiiHtsion for
tli®l? a§si8fc5t^« ia hdlpits^ foit^mlat© th# pyoMos i>iid. for fusw
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tt r. plane ^%m% of isflait© vdash Ims a s^strsil^
l(S0Sitsd i«jle Br^% it srab^®etisd lo a tsaifons tonsil® Iqou, It
¥0iffl®r of fcli® fe?^© 11% as %neX^ ^£ ^'* tton %lm direction of th«
sprAifed l^nsida. Ttom %%, ^mmn%*B priaai^I©-, it c©^ he coa»
cl-4^©t1 thai %h^ str©«t laes^©®^ dissiaii^©* j?)i^'idly sam^ irmL ^im
hale.







is lai'^ is 0OK^3iPiia«a!i t^ a (fl'r® tlK^t #r tmm), t% se:a "b® as-
mumO, Ihat uls^es^a ^t 2^4iU3 h .^.r© «s«ftntiaXlj the sr-sas as in
(^Oy=b - is* -ks Ccs a<9
"^mse l^»s®8 sctln^ on a rln^ of r:d!il r ^n; b :;_ -c- ^r^^,- - o';si
to ei^ tlia strsss tU0tyi::-atio?i wiUdn the riag «^i«JS8©d ^

^ B m
II «a3l %« temU that ^len r » r rr " €?*1| , 5J V / 1 ov= J»©^^
It is thit ait?e«s OimtaintJfetloa of 3a Uv^s^.t saist b«
ab^rc* foprailUis ¥©yc further d«Y©l0p®<5 1*0? «?i pl^it© %?ith r^. fimibl^?.
Ea^sitfjsfeioia Gf th# fos^milss la Apj>, ^ #io'^9 th«s«3 to ^
<jai^ lenflhj m^ diffliaill feo U8«. further esi^ifrntion r©i?»^.|s
that d.la«n©i€«ile»9 coefficlesls m^r m eaple^d in th© foi^ii3.sL«
B«N»mse t^i© poiat ®.t the hole '^r^^e? at ®* ^ is
th« prlnelpl« poiist in qi*estlan, th© f^^?rjila for o^, n® ^S^^m
la ipp, A, ^(?^t? ife© ona s@Ieet«i for f^^rlhef d-mmlopmnt*

. 6 -
s m am4Sms of cutout
b m rpillus of dmii&i^r
%& • tliielmes^ of fhe«i%
k • ^
<ile^» litT^m ^t holn da@ %«i fs oo^^is&r^ 0t radial »tfiHi«
og^« «fe3pgg® tt h©le diss t© -1^ 0©s 3^©0ss|;'©?«m* «ff r»df''-^ ^tj^nr?^
s»M *|r^ Sis Seeoi-^'^t^st of sheaf st?^«s
«^w tot&l I5tl?©®a f.t hole in t©3nrm of $
S n {Z ^^) B « (i 4.>c)® I^ « (-^-^

If %b^ rImsv^ dlEien«ioRies^ ratios, q emtl k, f*Te
mbslltuied in %h8 ^©ifor;r^s?» for ©*^ tM y « m, the






A plot %gis Qor.stnMJi^il for6i)TSi. k for Tariotis ^^nlisds
of q. II Is Ulastr©t«fd m fic» (2). *^^i^ i^ntrt provido^ a
ec^awealeaf ?seaa« for ©btaialag gs&arl^mrs »ts^S8 at a hsl© fcap
^jiT^n dis^nsloas of Ih© wjaet r:33.d d&ubler,
Th6 foTmXnn of App. A, v©ye consldersd ftsrthsr f<>r
ety«^8«s in feh© slie®t outside of %hB &.mM.BTm t% -^m tmm&. tJmt*
Qr^ti-toT x^rs ^sr?0w doublars* if the styess fct th© iioX^ I9 sol
re&w^d below s» tha stress st the iiiateam section ^#111 aevor
%# gSPstit®? thsa th© sty«0t at tfee hole, '-^h© stress at tl^ hole
Is the!i thcs imsdmm ejsd rus^ !je the onl^ oae to con-^ider. Fig,




Osm of t$-m pTUm eomiidesmtioES in lb© $»^im ^ «
^o-abler la the v^'oestloG of w®i#sl tu&iriiaiu ^Ifi- (^) o^s ^
tis^^ le eEl(Sil.p,t® tfee wfifl^lt of clo'a&lers t-feg^t provide th»
^jm /^(TT ){b^ * a^Xti- to)
t?84a^ fi^(3) tjppicsl c?*-se.f onti %e eyalt2i*.%ed, H will Im fmmd
Ifcet Uie thli^cer d<m^ler id tin the 9Jj^H«sy srsdius id.ll tj© tJ^e
il|?^.test, Ie Um r^^on of ?i?3.^,Xl k, h&mtv&r^ feh® ^^r.ns'^es* of

th» t«»t sp«el®^^ consisted ©f ^om? Melalite p^^neits
OarpoxsRtioa* fhe f?»e©s of tM i^i^Xs ^«re ,0^ im« ?^f«6 A2>.
ei^^. ft^ eoi« v?vs iss4e of 7 •• 9 XlJt/ft? «ii^ ^mln b??ls^. All
in iB. s 2? ir*. i^.4th n l| la* st 18 lu. TSSf alimimi® li^gert
lisd 9 is, diai^t#r, mntmll^ pQni%tmm&.t ia^ejmisll^ ^>oji-d®d,
don^l^m of CO^ iR« rM *064 is* l^if^ ^<SIM* ^im £^^^i3!im
lag p^aiel had ^ 9 ia, dlasjst^, #064 in*, al^^^im^ axtera^l
rtT#i«<l doat)l@r oa each face. 'Bss rt"^«tt u«®d ver© Hu^ i3rf\si4ir
ll#a(3 Siisd liivett Hi;i-S^'€D, t/8 ij3* diasiel^,
fo pr©pa.P6 the r^.Bels for testing* e ceutrai l-ioie of
S la. dipj»%«y WHS ctit in ©ash. For attaehli^ td the msj^ort*
ia® i5|;S"-e-?fttas» ^ "bel^ holes of 5/16 is, ^^m drilled in eesdb.
end^ .Baldwin SB-4 elactric strain gp.s©s i^?^ c^?^ntecl to tls«
pajf^s at '^trimm locntiona* fh@ t^i^si of
-0Nf»« %r©ps^ /-.?,
^*11, A»8, r^n^ ^"i*19, ^'se r^ry mmll 15^0 leis^hs of raost of
those ^f^ee t3Eid« th^s vo^^ a^b^tsM© feif plfbeeEasaf nmr fch^ tsafc-
oat tweinda.?^.
fij^, <4),<5),(6),<t), feS5 C8) i*3!« s^istshRS rmd |^.oto»




ffm pTitwtpX^ testing ap^«srmifei&s wti^ m SkiathMSiife f^^sty
lljile^ftipMa, r-^,« Ifee sts^ia indisallGc <i«Tle© vs-^, the /^^^^r-
so^ 34 point St«ti^®€tey, Mod©! 5501 » iscsim^^tured ^ ^'^rthmr i'i,
S§ Toit dif sells s«impi(&ted the sae^'.siirlfig appsar»,ttts» i*^-4
e. lemll pi#^ of K#t6lit» sal wer# usted for ^enpsrc-tur© sor^«i>»
III Rn stt^^Jt to olsiain m ^mttQim dlsiritsittiofj §f tli©
load scroet ttie top of tm ik^^seOls, ^s stlt.4;5is5ent rig ^k?:^ I'abrl*
e©.t«^^ fp<m si®^l, ttm ImA Tt-om tb@ %mn% ^^shiae %ms tr©s^^t^!jd
to t«o 3 in. ^immcl ^f©a -diia^ in taim traasesltted th© ieai t«
two G In, % I ia, plat©s throa^ fo'^xt P. isi^ ^ Z/b in« *ft©©l ters*
'?h© plates v®r« bolted ta th® psaeXs tro'm^i tht altisimsis ia-
se?ts ^tli ^ S/X6 iru ^Its. Ft^(t) ^iOf^m th« complete t^st
sutup &3d 1*1^(10) ,^Tes ^i Ifir^y Tla^*- of ti pf.B«l «n^ Its. et-
ts4!^sient |!9^^r.
A ipftisel %^® mmmt^d iu th«3 testin,:^ asehtj^ pj5d th®
stl*5^is ^1^ lasdf f3Pi^ th« t€fft Mul ec»,fifj^^«^-tls!^ ^it|gia-«fe3?c^ csm-*
si@ct©d to th© ?5ts^d.jm«tey. '2ls« load ^^s fua up to 30,00(- l^s.
Mk'^- <lo«ii to sero ta set all ^m^» ^^ Isfttd of 100 lb«, w?ss ^^s
put <Ma the pitael sad all ati^ia y^i^dlsc^ ^*®»^ &45^«ted to ss2ti»

A2xe ^f*#iin© WHS ran v^ %q 6,i00 lbs. ^ml reading fro© Urn tti^
8i:K ^ms v©3p® ink«8» 1% %m'& de^iwtd I0 mikti t>4is© «^^® swHstd
eqtssdl^ in &e&»r %o pr^diiee s^ 8%ate of isnif07^ ttmsiim a^gpoft*
th# pl#.i#. Siaee t^i«^ weri- rmv^*-. «quaX, i^® lasd tms roa claim
c^-C&'ss i^ftd «Msig were plnoed under the tj&li supports oi tb©
at IOC' lbs. smd 0.. load M* 6,100 Xbn, wml& 1>® impr^taed saals,
best pos^M® loadisf «as o^t^in^d, '?J^ tsilforss ten«i<si eondl*
With tM fliml sMsialnf, c<^pl#t@4, 0II ^c^n ^i^r«t
y®*sar©©«! for 100 l!s^ e^ liie first los^d of 6,100 llis, -^.is
set OR th© iigieldfas. iife tJiif; lo&dlng ali ^^e wefi& ri^4« "Sse
loafiiae® '»e2*® then ir.er©s.s©d to iO,(^J0, i§#000, 20,C^)0,
SS^OOO, aftd, 30,000 3t%s» »a4 a re&dls^ of s3Ll ip.a®« «sada fsr ^.eh
load, The XosSbding i^s %h©n ipe^uce^ te too ll»s. gad %tm mr^
r^m'dn^. cliecked. It ^aetf foimd tJmt for tl'*e Pivoted p^sjsel t!i®
«eK> i^adinf'ss \^t^ off n <5onsiderF;ljle Jsg^^mt* 'XMs wr.s <i't2S to
th@ fact tiiat the dsatiler ^«?i« not fa"br4iMrv%e<5 froia 753^-.© AI«s3M
«i8 w@3f« all ©f the Qtti^t doxiMers* ^-d® ra» v^.si r#|>#at«^ u§.l*ig
a ss3jigsip. lo&d. of 2S,CO0 Iba, for tM^ loadlsa^ th© s©ro i«i?4»»
la^ %mre saili^aotoi^. '-^liu pMiKSl with tm df^'bli&r wn.« llaitad
to a 20,(XiC ib.lo0d Im orSe? to stsg? ^«l«?w t!ie ^^eld |>oisi,
^k«^ eaoh of tM four |>iii^8 imA "been tent&d on^, %hs

v©r« de«trojr»d ia the- pro&^n^^ b«i?? o^ee v^ro iast&llea, .^iX&T
%hm tests at 4 la* Siaiseidr, 1^ hoX'&s «©ipe Ijaerer,©®^ to 5 la,
Siiie« ail §R|!^s V0j!^' an mi csls of 8;/gsMfeST i^ ^ ts».a»
^Ktisti orientation, vi%t tl^ ese^ptloa of a fe^ on lh# riveted
d«m^l«?, tb® ©t?&lr« yi^dltii^ ver© oorji?©rte(?> to stj»©gt€t! Irj the
th# :l«J«yeon ^tsmita^rt^r is fsonstjueted ^i%h n VaiXt la sp^-r^
fmetor fdle'smiHNS «^ 2* OS. 'Stm stress© § tims oMalf^d from th©
tettg 0y@ xwcoydftd la ?<^t>l^ I to III,
An additional eorr«atios w^.i5 fm&^^m,rj for ^omt of th^
^m^ on tJi€» riveted doat>Isr, 3©ef use of int^rfmltm rivets,
eo'^sr ^^s J-ia4 to 1j€ loj^.t«M* off of aaris ad? s;^«8»t^» "line




At t>:^U£^6 oat is the praTious taction., it wns ir>m
pos»ibl# %o obl&ia a csoMitios ©f waiioT^i tensioa la the pr^aels.
'Hfkm ^Xl miP^ ^a the £fQn% iiht«?t ©f lb© ^i^sel \mr& aol d>,^XW
sated «s the t^t%t^ II was steosssit?;/ to esmsldor tlus ^^^^t mi
the front paisel eEl^» ^i€ iadiosl«d % i^#»« t t«s S, the f^^st
p!?43L«l ieok from 48.4 to ^ pere«?Sit of tij© tst&I l&»d, 4©^@ Xlll
t,i'9^n th© i^J-aes of losS ti^k©K % t>ie f3h>iit fn.cn f<3>T m.i&^ tm%*
"Th© s^aults of #11 expsriciental i?uae ^^r® plotted af^
e4Pe illustrated as Fig, C 11) to {22)^ 21^ ?stur¥^f represent tsa*»
g®ati©i st?©g«, C5©» ?xt th® isiKi^i motion of t5w pl^^te ts.
rtsdius tttm the ©eistoy c^ tli© kol**
for tl:^ th^oy^tiesl y®f4lt8, it w^i ass'oia^ tL^nt tl-i#
ls#l«:a sere took ao priTt of %h^ Isgyi. ^ils esaoiasts to an tj?r©r
of lei^s th;?m i,5 pejPOSGtj a<©@ App, S, '3ie tli^oy^, as ^^sn
is PaeT^Ce), for plat#® of t«m*l^tEit® ^^th %e^t u$^d for eoia-
YmritoiEi vith th« peiaels Imrifi^ mi doubisrg, Ifee th^-oretlcrl
ety®ss distri%«lion$ as gl'vwi lit that rmis-t&m^t '^^'t^ pXQ%%^^
on '^i^» Cil)» Civi)» ajad (19)« SstsMnatlim of th©©© plots sliov
ei?@«?il#at B^^t^^mnt Is Ifes ftres. of tM asi^mt* ffei? tl^eimtiorl
Rtrsst b«cois^0 hi^^er tla^. the i^^^mared s^ess for positlone
s'.'j*^.^ from the «mtout, ^liis could. !># ^® to tl^^ aori-4xnifaaPEJ
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eondititm Qt ap-plitd strets in the p^nel^, All test curves pt©
c<^nsitt«^at in ah&p* with tht theoi^ticsl Qsanr©».
S*dr th0 paflels ^tfc dfsuhlfira, tM i>ie«f7 <^ ''iSf.Cb)
1SS.S Di^ed for ©oesparisoTi, 2^^© tJ^aort^tlcil stre«i?? cur^sis r.re
islio^fB on th« ye^^lsiisg Tl^s« (11) to {2T^),
f^*e t§Bt re^alts for the bortde^ ^oulslcr© eKow 015:-
c«ll®nt corrftlntlor; vitJi t>^ thoeyy of E«f*(%)« ?h€ ims^t no»
tici^blt ji®partui^ fyos^, thfe th®©r/ i* f®r the ,032 in* dsabler
%dth 5 la* catou.t ^mm the ^asur#d sf*,jKts3aa ttr©sse« er® hl^asr
th4S3i the pr#<lict«d ^ti^ssesi ae© ?i}t*(^). i^^ia 1« ?so«t pro-
bablj d«e %Q the condition of aoB*irifir4iG yldU. of th@ totit
xm 35«iiiforeiag i© F^.aMS inst^^d of SS fer ©n infinite plpts,
:*13« other dtep&rltaye fr«3^ the t^i®o?«5tia£l csarres oc5©jtri5 f>t th©
cat^r iKj'^iTid©?:?' of t>i€ do«3>l©r« ^xls vas e3t|:^feet6>:', sincse t!i©
th«o:^ requires a dlssontitsaiitj^ la th© ?5tP©ti«? oi3r«^ wfiit^ ooxilA
not poetiMj esi^t,
fi» asadasisi tt3f#«»0f at the eiitcsxt for the bor'/lml
doutflers 's^y© tafe@ft ff^im the resg«#ctiir« plats and diiri«l«fd "by U:*
s^'pXi»4 «l3P««« for six Ids^finr^s* '^« ^*i*4*&® ^>mi ol?taS»ed ^»r®
plotted ©B ?1^C2) w^iic^ vag -i^vtflopft^. i& ?• ?3r©vious section*
h<i> 0«j;-erti»&Btel polats fuisow ©sesllimt oarrelstloE wit!-': tlio
tii«os7 d«vel<^jed for fi^;.(S) i^issi it is? rBsse^ib®r«d thf>t tis© th«o»
retieal imrm« &r© i'ow a pl^te of infinite vidUi,

n mtmX^ nXm U mfitlm^ Um% is^iU© the str@ts»t
B.% Urn h^ms mm %^^m lO^si to lh# fi^%& poimt 0f the a^
i#sl^» -#i|^. It 60»0Ct^ psl.. , ss Mm in %¥^m%mim of st-y@«.«
aUUi.. ntmm this ms ssis^et©! to ^ falsify m MmU mm ^i
istteU#4 m ^m imiU plat^ f?^ tim mm ^m ^ S ia, fe»l#.
An the^ ^ ni»<^), ^® m%mm in ^ pU%^ is esssitter^-Mj
tiwij ts^^sisilliiif %hm Im^. U ^.® ^m%%m^ fhU m^ hmrn Urn
^WB to t©0 few riirets, mpmi&XU^ im tJis i^s# ef %M ® la* ml*
9*it» er asjs t® th@ tr£^ riwiis m^a* lis ^*®(t ^t« %tm stwts
^r@ ilias& Bi$M siwis* ffc® ss^t^e m^efy^refi «t^ss©« ^% mm
^atmit "boais^n-sT f©r til© ?t^59t®<i imml .%2^ alte rmu^M^ is





Fifos l^e ©s^riiamtsl resialts olj^felse^ in this tesi^^
slieet ss%^ ts« useful in fmtui« design of d'^uS^ler riisgs*
dmiblers ^y# tuj»©yi8r lo exterr*®! yiife*«d d#ubl*jrs %n rei^icin^

(a)* Tlis!a?»^«a^t 'M thm^ c^ Sl^stieltj, iWM^ let. ed..,
f^Qsm^i-fllli Book €». Ii^,, ?^a%» Yotk and London.
Ht&gs for Sircstilsy Oalmilt is fX^t flv^te® in -r^nsloa,
^»ster*« ?h©sis, WLmt^it^ ©f i'ims®sota.» ixi^ist 1050.
of a Ctrcoli;^ loin in a '-StjPip tladsr ^^ftsioii, i hll.
(d)» H«ls93J©y, H., sad gliMrda^imf, P.i l»liafoy!^^ Oircralfsr
Otiiflsts la flmm Sheets, tiACJA *?,!?» iso« is^, April t94-9»
Bud O^wissiosj with i^iaforsed /^t«sii|^fir Cutouts,
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STESSSES 7R0M STRAIN QAQB BEADINOS
NBTALITS PABBL - NO DCfUBLER - 3in. CUTOUT
Oage _Typ«
Oage










2 5270 9620 14650 19600
3 5020 9620 13000 17250
4 5720 8620 13300 17800
5
'
5990 9510 13850 18250





13880 23000 34200 45400
8 14920 25300 37200 49200
9
T
1.91 li5380 25700 38900 48900
10 8230 13800 20650 28200
11 A-8 1,70 9190 16160 23750 32000
12 A-7 1.91 6300 10650 15900 22050
13 A-8 1.70 6700 11950 17900 23900
14 A.7 1.91 5090 8670 13000 17550
15 A-8 1.70 5590 10000 14800 19850
16 A. 7 1.91 4640 7840 11700 15900
17 4200 7130 10700 14500























STR3SSES PROM STRAIN GAOE READINGS




Type Pact. _100 6100 10100 15100 20100 25100 30100













2 5240 9040 13900 18550 23500 28100
3 6440 9950 14550 18790 23300 27900
4 5880 9950 15210 20400 25900 31000
5 5450 8120 12490 17150
•
21600 26400
6 5940 8920 14100 19600 25100 30750
7 A-19 1.63
1
9050 14380 21200 28500 35900 43200
8 9500 16250 24100 31800 40700 48600
9
'
A-7 1.91 9600 15700 23200 31300 39800 48500
10 5470 8730 12950 17580 22100 26750
11 5640 9600 14450 19320 24300 29300
12 4200 6740 9940 13500 17110 20450
13 4420 7730 11700 15500 19600 23200
14 3240 5200 7620 10200 12920 15530
15 3650 5750 8400 11400 14350 17130
16 3870 6420 9500 12800 12800 19000
17 4860 7620 11300 15480 19300 23350
18 5260 8510 12760 17150 21400 25850
19 -3760 -6070 -8900 -11800 -14350 -17700
20 -1048 -1765 -2540 -3310 -4080 -4860
21 -940 -1655 -2430 -3310 -4140 -5080




STHESSSS FROM STRAIN OAGE RSADINQS
MSTALITE PAMEL - .064 In. DOUBLKR - 3 In. CUTOUT
Ga^
Gage Lofid.lLb«. 1
_Typ« Pact. 100 6100 10100 15100 20100 25100 30100













3 6240 10050 15150 20190 25350 30400
4 5120 8710 13550 18250 23250 28300
5 5270 9230 14400 19280 24450 29450
6 5020 8160 13000 17450 22500 27200
7 T 1.63t 6020 10180 15500 20950 26550 321008 7180 11720 17620 22950 28750 34400
9 A^7 1.91 6180 10450 16100 21550 27450 33300
10 3420 5850 9060 12100 15450 18680
11 4320 6940 10100 13400 16650 19900
12 2650 4475 6960 9440 12050 14500
13 3430 5640 8280 10910 13700 16180
14 1768 3200 4860 6460 8060 9600
15 2210 3755 5690 7780 9600 11500
16 2780 4580 6630 8840 10850 12900
17 3860 6520 10000 13480 16950 20500
19 4640 7900 12050 16450 20700 25350
20 -2210 -3750 -5910 -8060 -10280 -12350
21 -663 -992 -1490 -1985 -2485 -3040
22
' '




STRESSES PROM STRAIN GAGE HEADINGS
METALITE PANEL - .064 in. RIVETED DOJBLER - 3 in. CUTOUT
Oa^
Gage Load. lbs.
Type Pact, 100 6100 10100 15100 20100 25100











2 4470 7610 11900 16450 20700
3 5520 8520 12340 16450 22000
4 4820 7820 12900 17250 22450
5 5130 8260 12090 16200 19900
6 4260 7560 12400 17200 22200
7 A-19 1.63
1
4140 6600 9700 13850 18400
8 1 3495 5570 9040 13270 18200
9 A*7 1. 91 4750 7240 10390 14350 18690
10 1600 2710 4150 6080 8020
11 1270 2210 3650 5520 7680
12 1050 1660 2710 4090 5530
13 884 1440 2375 3780 5310
14 -498 -775 -1085 -1105 -1105
15 5820 9520 13950 18150 21950
16 4970 8560 12850 16850 20750
17 6090 9800 14400 18800 23150
18 6090 9400 13950 18350 22450
19 -2710 -4360 -6580 -8950 -11480
20 -445 -608 -940 -1380 -1660
21 -165 221 331 387
22 442 718 829
23 A^a 1.79 648 943 1415 2065 2770

TABLE 7
STB£SS£S 7H0M STBAIH GAGE BSASINOS
^JBTALITE PANEL - NO DOUBLES - 4 In. CUTOUT
Oaee
Gage Load. Iba.
Type Fact^ 6100 10100 15100 20100







2 6360 10100 14610 19230
3 4320 7610 12970 16380
4 5270 8520 12630 16720
5 5020 8830 13440 18160
6 5480 9130 13540 18050
10 A-7 1.91 14150 24250 37200 49600
11 A-8 1.79 16250 26100 38300 51300
12 A-7 1.91 8790 15260 23200 31620
13 A-8 1.79 10250 16640 23700 32700
14 A-7 1.91 5530 9780 14930 20250
15 A-8 1.79 6950 11080 16300 21500
16 A-7 1.91
1
4760 8350 13000 17700





-4480 -7615 -11320 -15100




STRESSES PROM STRAIN GAGE HEADINGS
METALITE PANEL - .032 in. DOCJBLER - 4 in. CUTOUT
Gaee
Gage Load. ] D.. 1
Tjpe Fact. 100 6100 10100 15100 20100 25100 30100













2 5840 9850 14520 19200 23950 28850
3 5130 8700 13200 17720 22250 27100
4 5640 9550 14320 19250 23750 28835
5 5790 9300 13860 18500 23350 28050
6 5930 9700 14720 19700 24500 28150
10 A-7 1.91 9550 16300 25000 34000 42900 52700
11 11400 18600 27600 37200 46300 56200
12 5750 9550 14910 20450 14870 31500
13 7300 11820 17310 23200 27850 35150
14 2985 5250 7960 10920 13850 16800
15 3315 5640 8620 11750 14920 18000
16 4420 6950 10100 13420 16520 19650
17 4420 7520 11500 15750 19800 23900
18 4750 8120 12500 17010 21400 25800
20 .3210 -5530 -8180 -10720 -13600 -16400
21 -3210 -5360 -8280 -11100 -13800 -16750
22 -1380 -2320 -3430 -4420 -5530 -6580

TABLE VII
STHESSES PROM STRAIN OAOS READINGS
METALITE PANEL - .064 In. DOUBLER - 4 In. CUTOUT
Ga^
n Gage Load^ lbs.
TypeJ Fact. 100 6100 10100 15100 20100 25100 30100













3 5220 8830 13700 18500 23550 28400
4 4670 7920 12400 17150 22100 26800
5 6590 10650 15820 20300 25850 30850
6 5220 8620 13200 17730 21800 26100
10 A-7 1.91 6740 11450 17600 23900 30200 36650
11 7960 13160 19250 24900 27500 39150
12 4200 7080 10750 14700 18680 22750
13 5200 8300 12380 16480 20450 24800
14 1770 2990 4700 6190 7740 9400
15 2100 3540 5310 7190 9060 10920
16 2765 4530 6410 8520 10380 12430
17 3930 6520 10000 13600 16750 19900
18 4640 7630 11600 15500 19550 23200
20 -2710 -4580 -7190 -9840 -12600 -15480
21 -2700 -4530 -6740 -8950 -11380 -13820




STRESSES FROM STHAIIT GAGS READINGS
METALITE PANEL - .064 in. RIVETED DOUBLER - 4 In. CUTOUT
Gage
~~]
Gage Load, lb f' '
Type Fact. 100 6100 10100 15100 20100 25100












2 4730 8120 12700 17250 21800
3 6190 9660 14000 18450 22500
4 5630 9340 14320 18950 23850
5 5020 8020 12190 16150 20300
6
1
4480 3020 12750 17150 21700
10 A-7 1.91 3870 6420 10320 14600 19000
11 3870 5860 9000 12650 17800
12 2655 4090 6520 9280 16050
13 2655 4150 6640 6640 13380
14 -884 -1382 -1980 -2320 -2765
15 5970 9890 14380 18620 22850
16 4860 8560 12820 17010 21100
17 6080 9840 14640 18950 23600
18 5750 9280 13700 17900 22200
20 -2210 -3540 -5470 -7410 -9620
•22 \
-775 -775 -885 -1490 -2350




STHESSES FHOM STRAIN GAGE HEADINGS
IffiTALITE PAlffiL - NO IX)UBLER - 5 in. CUTOUT
Gnge
Gage Load. lbs.
Type^ Fact^ 100 6100 10100 15100 18100










2 5830 9520 14300 17100
3 5120 8660 13195 15780
4 5320 8970 13395 15950
5 5830 9730 14700 17430
6 5840 9730 14600 17430
12 A-7 1.91 15350 26300 39800 48200
13 A-8 1.79 16750 27500 41500 49500
14 A-7 1.91 7170 12360 18760 22800
15 A^8 1.79 8300 13740 20100 24150
16 A-7 1.91 5575 9660 14850 18000
17 A^7 1.91 4690 8540 13030 15800




STRESSES FROM STRAIN aAGB HEADINGS
METALITE PAl^ffiL - .032 in. D0UBL2R - 5 in. CUTOUT
Ga^e
Gage L Dad. lbs. 1
Type Fact. 100 6100 10100 15100 20100 25100











2 6050 10050 14950 19650 24650
3 5030 8130 12300 16450 20750
4 4780 8240 12600 16870 21350
5 4780 8390 13000 17620 22500
6 4880 8640 13500 18400 23200
12 A-7 1.91 10150 17480 26550 35800 45300
13 12500 20550 30400 40500 50600
14 3870 6360 9720 13150 16650
15 3760 6300 9770 13150 16500
16 4750 7740 11150 14910 18300
17 4640 8010 12050 16400 20550
18 4640 8180 12380 16800 21050
22 5250 8860 13300 17950 22500




STHESSES PROM STRAIN OAOE READINGS
METALITE PANEL - .064 in. DOUBLER - 5 in. CUTOUT
Gage
-1 Gage Load. JJ)R.
_,
Type Fact. 100 6100 10100 15100 20100 25100 30100













3 4920 8530 13500 17930 22600 27100
4 5380 8950 13500 18050 23500 27300
5 6100 10050 14940 19550 24500 28900
6 5690 9200 13560 17880 22200 26700
12 A^7 1.91 8000 13600 20550 28100 35300 43000
13 9380 15475 11600 30200 37900 45700
14 1935 3370 5250 7010 8830 10750
15 2100 3650 5640 7510 9440 11450
16 2875 4590 6740 8610 10820 12850
17 3645 6300 9550 12930 16350 19700
18 4080 7130 10870 14650 18400 22200
22
'
-3650 -6075 -9060 -11950 -15200 -18400




STRESSES FROM STRAIN GAGE READINGS




Type Fact. iioo 6100 10100 15100 20100









2 4675 8030 12200 16550
3 5180 8220 12300 16350
4 4970 8120 12300 16550
5 4570 7760 11700 15950
6 4370 7820 12100 16450
12p A-19 1.63 11420 18900 26850 34400
12 A-7 1.91 5300 8770 13950 20200
13 5135 7840 12480 18050
14 -992 -1990 -2595 -2980
15 6960 11050 16150 20600
16 5575 9830 14400 18950
17 6570 11050 15630 20150
18 6290 10000 14240 18550
22 A-8 1.81 -2450 -4370 -7110 -10310
23
1 f




PEHOENT OF APPLIED LOAD
TAKEN BY TROHT PACE OF TEST PANELS
Panel
Percent of load taken by front face 1
3 in. hole 4 in. hole 5 in. hole
No Doubler 49.90 47.80 49.20
,032 Doubler 49.02 48.60 49.60
.064 Doubler 52.60 53.00 50.50
Hivet Doubler 49.10 48.40 49.10
TABLE XIV
I^AXIICM STRESS AT CUT0T3T
Panel 3 In . Hole 4 ir . Hole 5 in. Hole I
Test Theor. Test Theor. Test Theor.
No Doubler 3.170 3.200 3.215 3.105 3.31 3.237
.032 Doubler 1.975 1.950 2.11 2.06 2.33 2.15
.064 Doubler 1.433 1.480 1.575 1.600 1.75 1.730
Rivet Doubler .90 1.480 1.02 1.600 1.19 1.730
Hivet Do. (face) 2.14 1.730

APPEiroix A
STBBSS POBMULAS AS DERI7ED IN BE?. (b)
.
The following symbols were used in Hef,(b)i
S - applied stress.
9 - angle jneasiired from the direction of the load.
a - radius of cutout,
b - external radius of reinforcing ring,
ti - thickness of ring and sheet,
to - thickness of sheet.
/C - Poisson's ratio.
E - modulus of elasticity.
<%. - tangential stress inside of the ring.
cr«Q- tangential stress outside of the ring.
G-ri- radial stress inside of the ring.
or,.o- radial stress outside of the ring.
The solution, as developed in Eef.(b), for a circular
hole with a reinforcement ring considers the stresses in
the area of the cutout as being created by two forces existing
at a radius far away from the cutout; the radial force ^S,
and the combination of the radial force, JS Cos 29, and the
shearing force, -|5 Sin 29.

stresses due to the radial component (iS)
:
b^-6o s r ^ ]
4<
:^tCiW
^tresses due to radial component (-|S Cos 26) and
shearing component (-'JS Sin 26):

Num. Q;L = - i_ f.ia.














E - modulus of elasticity, psi.
CT' - stress, psl.
^ - strain, In/in,
Ld - load, lbs.
G.F, - gage factor,
S - applied stress, psi.
Q - angle measured from the direction of loading
a - radius of cutout, in.
b - radius of doubler, in.
tc - thiclcness of core, in,
to - thickness of sheet, in.
ti - thickness of sheet and douhler, in.
k - ratio of radii, h/a.
q - ratio of thicknesses, to/ti.
09^ - tangential stress at hole due to (^-S) component of
radial stress, psi.
cJstj - tangential stress at hole due to (|5Cos 28) component
of radial stress and (-^-S Sin 20) component of shear
stress, psi.
0^ m Ofiu-*-0©b - total tangential stress at hole in terms





A - area. In?
E - modulus of elaatlcity, psl,
cr' - stress, pal.
(. - strain, in/in.
Ld - load, l"bs.
G.F, - gage factor,
S - applied stress, psi.
Q - angle measixred from the direction of loading
a - radius of cutout, in.
"b - radius of douMer, in.
tc - thickness of core, in.
to - thickness of sheet, in.
ti - thickness of sheet and doubler, in.
k - ratio of radii, b/a.
q - ratio of thicknesses, to/ti.
Oog^ - tangential stress at hole due to (^i-S) component of
radial stress, psi.
Oqjj - tangential stress at hole due to (^Cos 2fi) component
of radial stress and (-|-S Sin 26) component of shear
stress, psi.
(jg « ^56u-*-0©b "* *o*®^ tangential stress at hole in terms












I - (3 % 2^ -^2)
J - (5 - 2^ +^2)
L
-U-^^)
M - (3 +>^^)
PERCEITT OF LOAD TAKEN BY METALITE FACES:
Ldt = Af cTf + A^o-^
Metalite - 18 in. wide
to = .032 in
tc = .50 m.
Ef = 10.3 X LO*^ psi.








Faces take 98.7 percent of the impressed load.
THEORETICAL APPLIED STRESS:
zero loading = 100 Its.
first loading = 6100 1T)S.
^Ld = 6000 Its.
Af = 1.152 in?
stress = ALd - 6000 = 5220 psi.TT "052

- 57 -
Metalite - No Doubler 1
3 in. cutout
Gage No. 7; SR-4, A^19
Gage Factor =1.63 |
E - 10.3 X 10^ psi.
1









2. 05 ) (10"^) s 1346 x 10"^ in. /in.
(T:63)
cyz ^E = (1346)(10.3) = 13880 psi.
CORHBCTION FOR STRAIN GAGES NOT ON THE AXIS OF STM^ETRY:
Riveted Doubler
3 in. cutout
^ - Sin-^ J>__ - 16015'
2.15
e B 90 -(p = 73045'
(73045')
<3e «
S /i + a2\ - S /l + 3a^
® 2i 7^/ ^i ~^
^.= S /l ^-(1.5) ^^ - S /l + 3(1. 5)^ ,"^ Cos 2('
<3-^ - S(.7435) - S(. 855) (-.844) = 1.4655S
C3^= S(.7435) - S(.855)(-1.0) = 1.5985S
Cos 29
Gft, = (1.5985) cTq^ n 1.09 cr^
^ (1.4655) ®^

PERCENT OP LOAD TAKEN BY THE PHOKT PACEt
Hetalite - no doulsler
3 in. cutout
Gages - SR-4,A-11
Gage Factor • 2.08
Load = 10100 lbs.











Avg. cy front - (2770) ( 2.05) (10.3) - 9100 psi.
Avg. crrear = (2800)( 2.05)(10.3) = 9200 psi.
Avg. Ld^ z ^ ^ ^ 9100Af
Avg. Ldr = O-^Ap = 920QAj. A^ = Aj.
Ld^ = Ldf + Ldj. = 18300A
^ . 9100A = 4975
Ldt 16S0QA •
The front face takes 49.75 percent of the load.
THEORETICAL MAXIMUM STRESS AT CUTOUT:









b . 4.5 in.
to . .032 in.
ti .064 in.
q = to = .052 = 1
ti .064 "^




-x^) « 2.7; P (1+^) - 1.3; G - (1 -^2) . ^g^
H s (l+>^)^ = 1.69; I = (3 + 2^ -^^) = 3.51
J = (5 - 2^+^^) « 4.49; L - (^ -^2) a .21
M = (3+^^) s 3.09
(J©,-' -2S
/'2L - I + M\ /e - 4 USG - I + H\ + 1 / I - 21 + n
l~ q^ ;-Vk* k^Al q^ J ^\q^ -^ J
4
Kn-^ ^
ff 2J + I + I\\1 ^ ) .

















Stress concentrations around re-
inforced circular cutouts in metalite
panels in tension.

